Mexican periwinkle virescence (MPV) phytoplasma was originally discovered in diseased plants of Madagascar periwinkle (Catharanthus roseus) in Yucat an, Mexico. On the basis of results from RFLP analysis of PCR-amplified 16S rRNA gene sequences, strain MPV was previously classified as the first known member of phytoplasma group 16SrXIII, and a new subgroup (16SrXIII-A) was established to accommodate MPV phytoplasma. Phylogenetic analysis of 16S rRNA gene sequences indicated that strain MPV represents a lineage distinct from previously described 'Candidatus Phytoplasma' species. Nucleotide sequence alignments revealed that strain MPV shared less than 97.5 % 16S rRNA gene sequence similarity with all previously described 'Ca. Phytoplasma' species. Based on unique properties of the DNA, we propose recognition of Mexican periwinkle virescence phytoplasma strain MPV as representative of a novel taxon, 'Candidatus Phytoplasma hispanicum'.
A large number of plant diseases, that for decades were mistakenly presumed to be caused by viruses, are now attributed to infection by phytoplasmas, wall-less bacteria that reside in phloem of infected plants and are transmitted from plant-to-plant by phloem-feeding insects. Today phytoplasmas are the subject of intense research because of the damage that they cause in agricultural and natural ecosystems worldwide. Diseases in hundreds of plant species belonging to dozens of families, both Angiosperms and Gymnosperms, are now attributed to infection by phytoplasmas. Several phytoplasma genomes have been completely sequenced, and draft genome sequences of several others have become available (Zhao et al., 2014) .
Comparative genomics has unveiled the unusual architecture of the AT-rich phytoplasma chromosome, characterized by genomic islands (sequence variable mosaics, SVMs) that were formed through ancient recurrent and targeted attack by mobile elements (phage) Jomantiene & Davis, 2006; Wei et al., 2008a) . Ongoing research is elucidating the roles of phytoplasma effector proteins in disease Minato et al., 2014; and is illuminating mechanisms whereby phytoplasmas induce disease symptoms through derailment of the normal destiny of plant stem cells (apical meristems) (Wei et al., 2013) . Importantly, newly discovered plant diseases and diseases of previously unknown cause are increasingly being attributed to phytoplasmas (Zhao et al., 2014) . The phytoplasmas have been classified into a series of groups and subgroups on the basis of RFLP patterns of 16S rRNA gene sequences (16S rDNA) (Lee et al., 1998; Wei et al., 2007; Zhao et al., 2010) , and 38 'Candidatus Phytoplasma' species have been described and named on the basis of nucleotide sequence differences in 16S rDNA (Table 1) (Harrison et al., 2014; Šaf a rov a et al., 2016; IRPCM, 2004) . Additional phytoplasmas that warrant recognition as distinct 'Candidatus Phytoplasma' taxa have remained undescribed as such (Wei et al., 2007) ; one of these phytoplasmas is the Mexican periwinkle virescence (MPV) phytoplasma. This study presents data supporting recognition of strain MPV as representative of a novel taxon, 'Candidatus Phytoplasma hispanicum'. (Gundersen et al., 1994; Lee et al., 1998) . Related phytoplasmas classified in group 16SrXIII have since been reported in diseased potato
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain MPV R is AF248960.
in Mexico (Santos-Cervantes et al., 2010) ; in diseased strawberry (Fragaria x ananassa Duch., Rosaceae Family) in Florida, USA (Harrison et al., 1997; Jomantiene et al., 1998) ; in diseased chinaberry tree (Melia azedarach L., Meliaceae Family) in Argentina and Bolivia (Arneodo et al., 2007; Harrison et al., 2003) ; in diseased strawberry in Argentina (Fernandez et al., 2015) ; and in diseased tomato in Baja, Mexico (Holguin-Pena et al., 2007) . Six subgroups (16SrXIII-A through 16SrXIII-F) were subsequently designated to accommodate diverse strains within group 16SrXIII (Table 2) . Strain MPV was classified in 16S rDNA RFLP group 16SrXIII, subgroup A (16SrXIII-A) (Davis & Sinclair, 1998; Jomantiene et al., 1998; Lee et al., 1998) , while strains STRAWB1, CbY1 and ChTYXIII-4, MPPT-SINPV, PACNBr04, and StrawRL-Tc1 were classified in subgroups 16SrXIII-B, 16SrXIII-C, 16SrXIII-D, 16SrXIII-E, and 16SrXIII-F, respectively (Arneodo et al., 2007; Fernandez et al., 2015; Harrison et al., 2003; Jomantiene et al., 1998; Lee et al., 2000; Melo et al., 2013; Santos-Cervantes et al., 2010 ).
In the current study, nucleotide sequences of phytoplasmal genes were obtained from the GenBank database (http:// www.ncbi.nlm.nih.gov/) ( Table 1) . Virtual RFLP analyses and calculation of sequence similarities (% identity) of 16S rRNA gene sequences were performed using the online iPhyClassifier system (Wei et al., 2007 (Wei et al., , 2008b Zhao et al., 2009) at the website http://plantpathology.ba.ars.usda.gov/ cgi-bin/resource/iphyclassifier.cgi. The nucleotide sequence of MPV rDNA (GenBank accession no. AF248960) was substantiated by correspondence between virtual RFLP analysis and real RFLP analysis, the latter done by gel electrophoresis of the products from actual enzymatic restriction enzyme digestions of MPV 16S rDNA. The CLUSTAL version 5 program from the LaserGene MegAlign software package (DNASTAR) was used to identify unique 16S rRNA gene regions. Phylogenetic analyses were performed using CLUSTAL in the MEGA6 software (Tamura et al., 2013) .
Results from iPhyClassifier (computer-simulated, virtual RFLP analysis of 16S rRNA gene sequences and calculations of similarity coefficients) confirmed that strains MPV, STRAWB1, CbY1, ChTYXIII-4, MPPT-SINPV, PACN-Br04 and StrawRL-Tc1 are members of group 16SrXIII; differences in RFLP profiles were consistent with the concept that the strains represent multiple subgroups within group 16SrXIII (Fig. 1) . In continuing this study, strains MPV (GenBank accession no. AF248960), STRAWB1 (U96614), CbY1 (AF495882), MPPT-SINPV (FJ914647), PACN-Br04 (JX893519) and StrawRL-Tc1 (KJ921641) were selected as representatives of subgroups, 16SrXIII-A, 16SrXIII-B, 16SrXIII-C, 16SrXIII-D, 16SrXIII-E and 16SrXIII-F, respectively.
A phylogenetic tree was reconstructed based on 16S rRNA gene sequences from all previously described 'Ca. Phytoplasma species', Acholeplasma palmae, and phytoplasma strains representing six subgroups of group 16SrXIII (Table 1, Fig. 2 ). The group 16SrXIII strains formed a wellsupported branch representing a lineage or lineages distinct from those of previously described 'Ca. Phytoplasma' species, and indicating that the group 16SrXIII strains shared a common ancestor (Fig. 2) .
Novel 'Candidatus Phytoplasma' taxon
The 16S rRNA gene (GenBank accession no. AF248960) of strain MPV and corresponding segments of the 16S rRNA genes of group 16SrXIII-representative strains STRAWB1 (U96614), CbY1 (AF495882), MPPT-SINPV (FJ914647), PACN-Br04 (JX893519) and StrawRL-Tc1 (KJ921641) each shared less than 97.5 % nucleotide sequence identity with corresponding fragments of the 16S rRNA genes from all previously described 'Ca. Phytoplasma' species. On the basis of guidelines for the recognition of 'Ca. Phytoplasma' species (IRPCM, 2004) any of the six strains may be designated as representative of a novel, distinct 'Candidatus Phytoplasma' taxon. We propose that strain MPV be designated representative of a novel, distinct 'Candidatus' taxon, 'Candidatus Phytoplasma hispanicum'.
Description of 'Candidatus Phytoplasma hispanicum'
'Candidatus Phytoplasma hispanicum' (his.pa¢ni.cum. L. neut. adj. hispanicum pertaining to Latin America, the known geographic range of the phytoplasma).
MPV
R is the reference strain.
[ ( Phylogenetic tree inferred from analysis of 16S rRNA gene sequences. Minimum evolution analysis was conducted using the close neighbour interchange (CNI) algorithm implemented in the MEGA 6 program. The initial tree for the CNI search was obtained by the neighbour-joining method. The reliability of the analysis was subjected to a bootstrap test with 1000 replicates. Numbers at nodes of the branches indicate the percentage of replicate trees in which the associated taxa clustered together in the bootstrap test. The taxa used in the phylogenetic tree reconstruction included reference strains of 38 previously described 'Ca. Phytoplasma' species and 'Ca. Phytoplasma hispanicum' proposed in this communication. Acholeplasma palmae served as an outgroup during the phylogenetic tree reconstruction. Bar, 0.01 nucleotide substitutions per site.
